INTRODUCTION
Although never formally studied or described, rheumatologists feel that patients with ankylosing spondylitis (AS) tend to adjust positively to their disease. Many rheumatologists will recognise examples of patients who, during clinic visits, state, 'I'm doing well', while mobility becomes increasingly restricted and radiographic damage progresses. Along the same lines, when biologicals became available, physicians were surprised to find that some patients were reluctant to start new medications because they considered themselves capable of dealing appropriately with the disease, although rheumatologists judged them to have active disease. Classically, physicians attribute this adjustment to the slow progression of the disease, enabling patients to adapt to the new health status by developing a new internal reference frame. One previous study among 124 patients with AS confirmed that patients with AS tended to 'deny' their problems with functional activities when using
Key messages
What is already known about this subject?
▸ In ankylosing spondylitis (AS), whether adaption systematically influences patients' scores on health outcomes (response shift) has never been explored.
What does this study add?
▸ In the setting of an open-label extension of a randomised controlled trial, patients with AS adequately recalled their global well-being before they started therapy with anti-tumour necrosis factor (TNF) (then-test). ▸ This retrospective judgment (then-test) was irrespective of the treatment response to anti-TNF therapy.
How might this impact on clinical practice?
▸ By using the 'then test', no support was found to conclude that adaptation introduced bias or response shift in self-reported health.
the Minnesota Multiphasic Personality Inventory. 1 Not only clinicians, who care for individual patients, but also researchers in AS, are surprised to find almost no overall progression over time at the group level for several patient-reported outcomes, such as physical function or quality of life, and wonder whether this could be a consequence of adaptation to the disease.
Adaptation can be described as a dynamic and multidimensional process of coming to terms with the implications of an acute or chronic (health) stressor and the outcomes of that process. 2 Adaptation is an essential mechanism that protects humans against adverse effects of threats or chronic stressors, 3 but might lead to an underestimation of the severity of a situation, which can be relevant when solutions exist. In medicine, there are three major paradigms that try to explain adjustments necessary for adaptation. 3 First, the biomedical model focuses on the cause, prevention and (spontaneous or treatment supported) improvement or cure of diseases and disability. 3 Second, the psychosocial model of adaptations to illness focuses on the meaning making, gaining mastery over the illness, and self-esteem. 4 In this model, coping (ie, behavioural and/or cognitive responses to perceived (harmful) events) and level of self-efficacy are repeatedly implicated in the adjustment to chronic illness. The third model is the biopsychosocial model, which integrates biomedical, psychological and social aspects to understand the mechanism of adaptation. 3 Being a complex and poorly understood phenomenon, it is a challenge to prove and measure adaptation, and to demonstrate its independent influence on patient-reported outcomes over time. In healthcare interventions, it is extremely relevant to prove adaptation, since the assessment of changes over time would be biased if patients use a different 'reference frame' to judge their health at two different time points. In such case, natural deterioration over time or changes in improvement due to treatment could be underestimated or overestimated.
A possible approach to reveal adaptation is the use of the 'then-test' in a situation, to assess whether there is an objective change in health. 5 The 'then-test' asks a patient to recall the way the disease affected their previous health status; possibly, the gap between the initial and retrospective score of health might reflect an adaption of the previous health state. In this study, we applied the 'then-test' in patients with AS who were treated for some time with a tumour necrosis factor (TNF) inhibitor (infliximab). If patients would indeed have adapted to their disease, it would be expected that they had underestimated the true impact of AS before starting the treatment. This would lead to a better judgement of the severity of their situation at that time point, when having experienced the benefits of a treatment. Therefore, we hypothesised that patients with AS who responded to therapy would retrospectively rerate their global wellbeing as worse than initially indicated before starting on the TNF inhibitor.
METHODS Patients
Data were retrieved from patients participating in the AS Study for the Evaluation of Recombinant Infliximab Therapy (ASSERT) and continued in the European AS Infliximab Cohort (EASIC). ASSERT included 279 adult patients with AS, according to the modified New York criteria, and these patients had high disease activity and a high spinal pain score. ASSERT started as a randomised controlled trial. During the first 24 weeks of the ASSERT trial, 201 (72.0%) patients were treated with infliximab 5 mg/kg and the others were given a placebo, after which all the patients were treated with infliximab. European patients who had completed the 2-year ASSERT trial were invited to participate in EASIC, an open-label extension cohort study. The time between the last measurement of ASSERT and start of EASIC was 1.3 years. 6 In total, 103 of the 216 European patients agreed to participate in EASIC, and all the patients were treated with infliximab 5 mg/kg every 6-8 weeks. The patients were followed in EASIC for up to 96 weeks. Both study protocols were reviewed and approved by the respective institutional review board or independent medical ethics committees of each country, and all patients provided written informed consent. Details about ASSERT 7 and EASIC 8 have been previously reported.
Assessments
Baseline data were used from the ASSERT trial. In addition, baseline and follow-up data (at weeks 6, 12, 18 and 24) of EASIC were used. Information on age, sex, disease duration (time since diagnosis), disease characteristics and baseline radiographic damage, scored according to the modified Stoke AS Spine Score (mSASSS), 6 9 was retrieved from ASSERT. Disease activity was measured with the Bath AS Disease Activity Index (BASDAI), 10 C reactive protein and the AS Disease Activity Score (ASDAS). 11 Functioning was measured with the Bath AS Functional Index (BASFI) 12 and spinal mobility was measured with the Bath AS Metrology Index (BASMI). 13 BASDAI 50% improvement, BASDAI 20% worsening and Assessment of SpondyloArthritis international Society 20% (ASAS 20) response 14 were calculated based on changes in the data at baseline in ASSERT and baseline in EASIC. The patient global in the last week ('Considering all the ways your AS affects you, on average, how have you been doing in this past week?') was used to assess the effect of disease on well-being (range 0 (no effect) to 10 (very severe)), using a visual analogue scale. The patient global was assessed at baseline of ASSERT (termed 'initial patient global') and in EASIC at enrolment (termed 'current patient global'). In addition, patients were five times (at baseline and each of the 4 follow-up visits of EASIC at weeks 6, 12, 18 and 24) asked to retrospectively rerate their patient global for the time of enrolment in ASSERT (before the start of infliximab) using a 'then-test' of the patient global (termed 'retrospective patient global').
Statistical analysis
To describe the study population at the start of ASSERT and EASIC, means with SD for continuous data and frequencies for dichotomous data were computed.
The difference between the initial patient global of ASSERT and the first retrospective patient global in EASIC (termed 'gap') was calculated and tested for significance with a paired t test. Thereafter, the population was divided into three groups by applying a minimally clinically important difference (MCID) of 1.5 for patient global to the gap: (1) patients with a retrospective patient global at least 1.5 lower (ie, better) than the initial patient global, (2) patients with no clinically relevant difference between the retrospective patient global and the initial patient global and (3) patients with a retrospective patient global at least 1.5 higher (ie, worse) than the initial patient global. The MCID was based on the previously reported MCID of 1.5 for the Bath Ankylosing Spondylitis Patient Global Score (BAS-G).
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A Bland-Altman plot was made to visualise the gap between both assessments. The smallest detectable difference (SDD) was determined using the Bland-Altman 95% limits of agreement method, indicating the difference in both assessments beyond the measurement error. [16] [17] [18] Mixed linear models with an autoregressive correlation structure were used to investigate if the retrospective patient global (then-test) was stable over the five measurement points of EASIC.
Finally, to identify whether treatment response (defined as ASAS 20 response or BASDAI 50% improvement) was associated with the gap, linear regression analyses were performed adjusting for several possible confounders including demographics (age, gender), and clinical (disease duration, disease activity, function, treatment) and radiographic characteristics (mSASSS) at baseline of ASSERT. A backward multivariable linear regression analysis was performed with variables with a p value lower than 0.10 in the univariable analysis. Assumptions for linear regression and interactions were checked. Furthermore, we investigated if the initial, retrospective and current patient global were different between patients with and without an ASAS 20 response. Statistical analyses were performed with SPSS V.20.0.
RESULTS
A total of 103 patients were enrolled in EASIC, of whom 86 (83%) retrospectively rerated their patient global before the start with infliximab. Table 1 presents the characteristics of these 86 patients at baseline in ASSERT and EASIC. At baseline in ASSERT, the mean age was 39.6 years (SD=10.6), and the mean disease The distribution of the gap between the retrospective and initial patient global is presented in figure 1 , and shows a trend for heteroscedasticity; that is, the gap tended to be overall negative for the lower average scores between initial and retrospective patient global, indicating patients rated the patient global retrospectively higher if the initial patient global was lower.
The SDD was 5.3, with a lower and upper limit of agreement of −5.1 and 5.5, respectively. Table 2 shows the values of all five retrospective assessments of the initial patient global by the 'then-test'. A mixed linear model analysis with an autoregressive correlation structure showed that the gap between the retrospective patient global, measured at five different occasions during follow-up, and initial patient global, remained constant over time (Schwarz's Bayesian Criterion=4219.997, F=1.71, p=0.13).
Influence of treatment response on the gap between the initial and retrospective patient global In order to explore whether treatment response influenced the magnitude of the gap between the retrospective and initial patient global, a linear regression analysis was performed. Univariable analyses showed that the magnitude of the gap was influenced by the ASAS 20 response (between the baseline of ASSERT and baseline of EASIC, β= −1.49 SE=0.66, p=0.03), initial patient global (β= −0.09 SE=0.02, p<0.01) and BASDAI at baseline of ASSERT (β= −0.38 SE=0.20, p=0.05). However, in a multivariable linear regression analysis, only the initial patient global (β= −0.12 SE=0.02, p<0.01) and BASDAI at baseline of ASSERT (β=0.51 SE=0.21, p=0.02) were associated with the gap (table 3) . Patients with a higher initial patient global showed a significantly larger negative gap, indicating that the retrospective patient global was lower (ie, better) than the initial patient global. 
DISCUSSION
This study showed that patients with AS who were treated with TNF inhibitors could, on average, accurately rerate their well-being before the start of treatment. As such, the current findings could not confirm our hypothesis that the 'then-test' is able to confirm adaptation in patients with AS. On this line, we found insufficient evidence that a treatment effect would be underestimated in clinical studies when response shift was not taken into account. In the literature, the 'then-test' is used as one of the approaches to assess adaptation, as it provides empirical evidence to support either the theory of response shift 19 or the implicit theory of change. 20 Response shift assumes that more information is available in the 'new' situation, 5 13 and that the difference between the retrospective and initial assessment will be greater when the change in health is greater, and the previous (adapted) health state might be rerated either as worse or better. 5 The implicit theory of change, however, states that patients will rerate the previous health state based on their current situation, and extrapolate back, taking into account the knowledge on whether or not they 'should' have changed. 5 This theory assumes that patients, being aware of receiving the best available treatment, would estimate their initial health as worse. In our study, the mean gap between the retrospective and initial patient global was 0.2, which was neither statistically significant nor clinically relevant. 15 Moreover, this gap did not represent a systematic difference, as some patients judged their previous health as similar, but also, a small proportion judged it as either better or worse. Furthermore, the gap between the retrospective and initial patient global was not associated with treatment response. Therefore, we could not demonstrate support for the response shift nor could we do so for the implicit theory of change. Importantly, we found a relation between the gap and the initial patient global, and, to a lesser extent, to the disease activity at the baseline of ASSERT. Patients who scored high on the initial patient global rerated the retrospective patient global lower and vice versa (figure 2). As such, on the individual level, the difference between the initial and retrospective patient global could be quite large. Taking into account the large within-patient variation in initial and retrospective patient global, the group seems to regress 'backwards' to a similar mean.
Although we could not prove adaptation in AS based on the 'then-test', two previously conducted studies in musculoskeletal diseases clearly demonstrated it. A study in 203 patients with chronic back pain showed that patients rerated their original quality of life to a significantly worse degree than initially reported, after inpatient rehabilitation. 21 In this study, the response shift as well as the implicit theory of change could explain the difference in quality of life, as all patients improved and wanted to have faith that the treatment programme was successful. 21 In contrast, another study on 197 patients with rheumatoid arthritis showed that all patients who started on TNF α-blocking agents, both responders and non-responders, rerated their initial health as worse. 22 The implicit theory of change, instead of response shift, could explain these results.
Some limitations of our study need to be addressed. First, the sample size is small because only 86 patients of the 275 patients from ASSERT participated in EASIC. Selection bias might have occurred. However, we considered it unlikely that only patients who adapted to their disease would have disagreed to continue in the follow-up study. Second, the 'then-test' itself might have some limitations, as it depends partly on the cognitive function of a patient. Specifically, recall bias might have occurred. 22 23 In our study, on average, 3.3 years had elapsed between the start of ASSERT and the first retrospective patient global assessment in EASIC. However, the gap between the retrospective patient global, measured at 5 different occasions during follow-up, and the initial patient global, remained constant over time, suggesting that recall bias did not importantly influence our results. Third, for a more complete analysis of response shift, ideally, we should have quantified not only the contribution of 'response' to the magnitude and direction of the gap, but also the contribution of 'worsening'. However, formal non-responder criteria do not exist. When we used a deterioration of the BASDAI of more than 20% as definition of worsening, only one patient fulfilled this definition, and, therefore, we were not able to perform this type of analysis.
Can we definitely conclude that patients with AS do not adapt to their disease? Actually, we can only conclude that patients accurately rerate their previous wellbeing and that there is no bias in the prospective changes that we observe in intervention studies. We cannot exclude, however, that patients, in their retrospective judgement of well-being, took into account the fact that they adapted. Although no 'objective' measure to assess patient global well-being exists, it is interesting to mention a cross-sectional study comparing experienced functional difficulties according to patients with AS with observed functional difficulties of these patients according to physicians. 4 This study found that the discordance was negligible between patients and physicians, 4 indicating that patients with AS report their own functional disability adequately without overestimation or underestimation. However, how these functional limitations influenced their self-reported well-being is not assessed in this study. Therefore, further research on the issue of adaptation is still of interest and could focus on life course questionnaires or interviews to assess the process of adaptation, and should relate adaptation not only to well-being but also to behaviour, including underuse or overuse of healthcare services.
In conclusion, we found insufficient evidence to presume that a treatment effect in trials is biased when response shift is not taken into account. In this study, we showed that patients with AS were able to adequately retrospectively judge their well-being, even if substantial time elapsed between the start of the treatment and this retrospective assessment. In this setting, the 'then-test' could not prove adaptation by response shift in this AS population.
